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An experimental  investigation has been conducted in the Langley 16-Foot 
Transonic Tunnel t o  de te rmine  the  e f f ec t s  o f  s eve ra l  empennage  and  afterbody param- 
eters on twin-engine  af t -end  aerodynamic  character is t ics .  Model va r i ab le s   i nc luded  
t w i n - v e r t i c a l - t a i l  c a n t  a n g l e ,  toe a n g l e ,  a i r f o i l  camber,  and  root-chord  length  and 
a f t e rbody /eng ine   i n t e r f a i r ing   shape .  Tests were conducted  over a Mach number range 
from 0.6 t o  1.2  and  over  an  angle-of-attack  range  from -2O t o  l o o .  Nozzle pressure 
ra t io  w a s  varied from 1 .O ( j e t  o f f )  t o  approximately 10.0. 
R e s u l t s  i n d i c a t e  t h a t  a f t - e n d  d r a g  is s e n s i t i v e  t o  v a r i a t i o n s  i n  t w i n - v e r t i c a l -  
t a i l  can t   ang le ,   t oe   ang le ,   and   camber .   S ign i f i can t   r educ t ions   i n   d rag   can   be  
obta ined  by s l i g h t  outward toe of t h e  v e r t i c a l  t a i l s ,  o u t w a r d  c a n t  of t h e  v e r t i c a l  
t a i l s ,  o r  ou tboa rd  p l acemen t  o f  ve r t i ca l - t a i l  camber f o r  most c o n d i t i o n s  t e s t e d .  
INTRODUCTION 
Much a t t e n t i o n  h a s  b e e n  g i v e n  i n  r e c e n t  y e a r s  t o  t h e  p r o p e r  i n t e g r a t i o n  of t h e  
propuls ion  sys tem in to  the  a i r f rames  of h igh ly  maneuverab le  f igh te r  a i r c ra f t  con f ig -  
ura t ions .   This  is e s p e c i a l l y   t r u e   w i t h   t h e   r e q u i r e m e n t   o f   m u l t i m i s s i o n   a i r c r a f t  
capable  of opera t ing  over  a broad  range  of Mach numbers, a l t i t u d e s ,  and  angles of 
a t t ack .   S ince   t hese   mu l t imi s s ion   a i r c ra f t   r equ i r e   va r i ab le   geomet ry   nozz le s   t o   p ro -  
vide high internal  nozzle  performance,  important  af t -end parameters  such as c losu re  
and loca l  boa t ta i l  angles  cont inuous ly  change  throughout  the  opera t ing  range  of Mach 
number, angle  of a t t a c k ,  and   engine   p ressure   ra t io .  Many s t u d i e s  have shown t h a t  
l a rge  d rag  pena l t i e s  can  r e su l t  from t h e  i n s t a l l a t i o n  of i s o l a t e d  n o z z l e s  i n t o  a 
r e a l i s t i c  a f t  end ( r e f s .  1 t o  1 0 )  . Much of t h i s  i n s t a l l a t i o n  d r a g  p e n a l t y  r e s u l t s  
from a d v e r s e  i n t e r a c t i o n s  o r i g i n a t i n g  from  empennage s u r f a c e s ,  b a s e  a r e a s ,  a c t u a t o r  
f a i r i n g s ,  and t a i l  booms ( r e f s .  1 1  t o   1 9 ) .  These in t e rac t ions   can  be e s p e c i a l l y  
complex  on  twin-engine i n s t a l l a t i o n s ,  which typ ica l ly  have  a more complicated flow 
f i e l d  t h a n  s i n g l e - e n g i n e  i n s t a l l a t i o n s .  
The e f f e c t s  of h o r i z o n t a l -  a n d  v e r t i c a l - t a i l  l o c a t i o n  on twin-engine aft-end 
drag  have  been  reported  in   reference 1 1 .  Adverse  mpennage i n t e r f e r e n c e  e f f e c t s  on a 
typical  twin-engine af terbody were found t o  b e  e x t r e m e l y  s i g n i f i c a n t ,  e s p e c i a l l y  i n  
the   t ransonic   speed   range .   In  some cases, nea r ly  40 percen t   o f   t he   t o t a l   a f t - end  
d r a g  c o u l d  b e  a t t r i b u t e d  t o  t a i l  in te r fe rence   d rag .   Because   o f   the   l a rge   e f fec t   o f  
empennage s u r f a c e s  on af t -end drag,  an experimental  invest igat ion has  been conducted 
i n  t h e  Langley  16-Foot  Transonic  Tunnel t o  de te rmine  the  e f f ec t s  o f  add i t iona l  empen- 
nage  and afterbody design parameters on twin-engine aft-end aerodynamic characteris-  
t ics.  Model va r i ab le s   i nc luded   tw in -ve r t i ca l - t a i l   c an t   ang le ,  toe a n g l e ,   a i r f o i l  
camber, and   roo t -chord   l ength   and   a f te rbody/engine   in te r fa i r ing   shape .  Tests w e r e  
conducted over a Mach number range from 0.6 t o  1.2 and over an angle-of-attack range 
from -2O t o  1 Oo. Nozzle  pressure r a t io  w a s  varied  from 1 .O ( j e t  o f f )  t o  
approximately 1 0.0. 
SYMBOLS 
A l l  fo rces  and moments a r e  r e f e r e n c e d  t o  t h e  
moment r e fe rence  cen te r  was loca ted  4.45 cm above 
s t a t i o n  104.24. 
s t a b i l i t y   a x i s   y s t e m .  The 
the  model c e n t e r l i n e  a t  fuse l age  
A l o c a l   c r o s s - s e c t i o n a l   a r e a ,  cm 2 
Aan 
Af u s  
Amax 
A 0  
A s e a l  
cD 
C a f t e rbody   d ragcoe f f i c i en t ,  Da/q,S 
cD, n 
‘D, t a i l s  
t o t a l  maximum c r o s s - s e c t i o n a l  a r e a  of i n t e r n a l  nozzle a t  the  nozz le  ex i t ,  
42.64 cm2 ( s e e  f i g .  1 ( b ) )  
maximum c r o s s - s e c t i o n a l  a r e a  of  model fuselage’,  317.04 cm2 
maximum c r o s s - s e c t i o n a l  a r e a  of  model fuselage/wing combination, 475.09 c m  
t o t a l  i n t e r n a l  c r o s s - s e c t i o n a l  a r e a  of outer   nozzle   exi t   opening,  49.01 cm2 
2 
( s e e  f i g .  l ( b ) )  
c ros s - sec t iona l  a r ea  enc losed  by metr ic-break  seal ,  297.21 cm2 
t o t a l   a f t - e n d   d r a g   c o e f f i c i e n t ,  D/q,S 
Dl a 
nozz le   d rag   coef f ic ien t ,  Dn/q,S 
t a i l   d r a g   c o e f f i c i e n t ,  Dtails/q,S 
ED, i a  
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increment  i n  empennage i n t e r f e r e n c e - d r a g  c o e f f i c i e n t  on a f te rbody 
(see  eq.  (6)) 
increment  i n  empennage i n t e r f e r e n c e - d r a g  c o e f f i c i e n t  on nozzles 
( see  eq .  (5 )  1 
increment i n  empennage i n t e r f e r e n c e - d r a g  c o e f f i c i e n t  on t o t a l  a f t  end 
(see  eq.  (4)) 
t o t a l   a f t - e n d   l i f t   c o e f f i c i e n t ,  L/q,S 
t o t a l  a f  t-end pitching-moment c o e f f i c i e n t  , m/q,Sc 
v e r t i c a l - t a i l  r o o t - c h o r d  l e n q t h ,  c m  
mean geometric  chord of the  support-system  wing, 44.4 cm 
t o t a l  a f t - e n d  ( a f t e r b o d y  + nozzles + t a i l s )  d r a g ,  N (see  eq.  ( 1 ) )  
af terbody drag, N (see eq.  ( 3) ) 
t o t a l  a f t - end  d rag  measured by balance,  N 
nozzle  drag  (pressure + s k i n  f r i c t i o n ) ,  N 
t a i l  drag, N 
I 
maximum diameter  a t  nozzle  connect  locat ion,  9.86 cm ( s e e  f i g .  l ( c ) )  
nozz le  throa t  d iameter ,  4.71 cm ( s e e  f i g .  1 ( c ) )  
t o t a l  measured af terbody l i f t ,  N 
model length from  nose t o  n o z z l e  e x i t ,  174.74 cm 
Mach number 
t o t a l   a f t e r b o d y   p i t c h i n g  moment re ferenced  to  c/4 i n  support-system-wing 
chord  plane,  N-m 
l oca l  p re s su re  a t  nozz le  annu la r  c l ea rance  gap ,  Pa ( s e e  f i g .  l ( b ) )  
l o c a l  s t a t i c  p r e s s u r e  e x t e r n a l  t o  the  met r ic -break  sea l ,  Pa ( s e e  f i g .  1 ( b ) )  
l o c a l  i n t e r n a l  s t a t i c  p r e s s u r e ,  Pa ( s e e  f i g .  l ( b ) )  
j e t  t o t a l  p r e s s u r e ,  Pa 
f r e e - s t r e a m  s t a t i c  p r e s s u r e ,  Pa 
free-stream dynamic pressure ,  Pa 
r ad ius ,  cm 
maximum rad ius   a t   nozz le   connec t   s t a t ion ,   dmax /2 ,  c m  
support-system-wing reference area,  4286 cm 2 
a i r f o i l  t h i c k n e s s  r a t i o  ( r a t i o  of l o c a l  maximum th ickness  to  loca l  chord)  
a x i a l  d i s t a n c e  from  model n o s e  ( p o s i t i v e  a f t ) ,  cm 
h o r i z o n t a l  d i s t a n c e  from  model c e n t e r l i n e ,  BL 0.0 ( p o s i t i v e  t o  r i g h t ,  
looking upstream) , c m  
v e r t i c a l  d i s t a n c e  from  model c e n t e r l i n e ,  WL 0.0 ( p o s i t i v e  u p ) ,  cm 
af te rbody angle  of a t t a c k ,  deg 
mer id ian  angle  about  nozz le  ax is  ( see  f ig .  l (c )  1, deg 
v e r t i c a l - t a i l   c a n t   a n g l e   ( p o s i t i v e   o u t b o a r d ,   s e e   f i g .  l ( e ) ) ,  deg 
v e r t i c a l - t a i l  t o e  a n g l e  ( p o s i t i v e  l e a d i n g  e d g e  o u t ,  s e e  f i g .  1 ( e )  1, deg 
Abbreviat ions : 
BL b u t t  l i n e  
Cam. In.  camber inboard 
Cam. Out. camber outboard 
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FS f u s e l a g e   t a t i o n  
fwd forward 
L H  l e f t  hand 
NPR r a t i o  of j e t  t o t a l   p r e s s u r e   t o   f r e e - s t r e a m  s t a t i c  p res su re ,  pt, j/pa 
RH r i g h t  hand 
Sym. symmetrical 
WL water l i n e  
APPARATUS AND PROCEDURE 
Test Faci li t y  
Th i s  expe r imen ta l  i nves t iga t ion  was conducted i n  t h e  TLangley 16-Foot  Transonic 
Tunnel. The tunnel  is a cont inuous- f low,   s ing le- re turn ,   a tmospher ic  wind tunne l   w i th  
a s l o t t e d  o c t a q o n a l  t h r o a t  a n d  tes t  sect ion  and  cont inuous a i r  exchange. The. t unne l  
has  a variable  speed  range  from M = 0.2 t o  M = 1.3. Addi t iona l   in format ion  
r ega rd ing  tunne l  desc r ip t ion  and  ca l ib ra t ion  i s  p r e s e n t e d  i n  r e f e r e n c e  20. 
Model and Support System 
Details of the  twin-engine t a i l  i n t e r f e r e n c e  a f t e r b o d y  model  and  wing-tip- 
mounted suppor t  sys t em used  in  th i s  i nves t iga t ion  are p r e s e n t e d  i n  f i g u r e  1 ,  and 
photographs of t h e  model and support  system installed in the Langley 16-Foot 
Transonic  Tunnel are shown i n  f i g u r e  2. 
The wing-tip-mounted model support system shown i n  f i g u r e  1 ( a )  cons i s t ed  of 
three  major   port ions:   the   twin  support  booms, the  forebody  (nose),   and  the  wing/ 
centerbody.  These  pieces made up the   nonmet r i c   po r t ion   ( t ha t   po r t ion  of t h e  model 
n o t  mounted on the   fo rce   ba l ance )  of the  twin-engine t a i l  i n t e r f e r e n c e  model. The 
centerbody fuse lage  w a s  e s s e n t i a l l y  r e c t a n g u l a r  i n  c r o s s  s e c t i o n  and  had a c o n s t a n t  
width  and  height  of 25.40 cm and  12.70 c m ,  r e s p e c t i v e l y .  The fou r   co rne r s  were 
rounded by a rad ius   o f  2.54 cm. Maximum c r o s s - s e c t i o n a l  a r e a  of the  centerbody 
( f u s e l a g e )  was 317.04 c m  . The support-system  forebody  (or   nose)  was t y p i c a l  of a 
powered  model i n  t h a t  t h e  i n l e t s  were f a i r ed   ove r .  The "wings"  of  the  support  system 
were mounted  above t h e  model c e n t e r l i n e  o r  i n  a "high  wing"  posit ion,   which is  typ- 
i c a l  of many c u r r e n t  f i g h t e r  d e s i g n s .  The support  system  wing  had a leading-edge 
sweep  of 45O, a t a p e r  r a t i o  of 0.5,  a n  a s p e c t  r a t i o  o f  2.4, 'and a c r a n k e d  t r a i l i n g  
edge. The a i r f o i l  was symmetrical, and t h e   t h i c k n e s s   r a t i o   n e a r   t h e  wing fuse l age  
j u n c t i o n  a t  RL 12.70 was t y p i c a l   o f   c u r r e n t   f i g h t e r   d e s i g n s  ( t / c  = 0.067). From 
BL 27.94 t o  t h e  s u p p o r t  booms, w ing   t h i ckness   r a t io   i nc reased  from t/c = 0.077 
t o  t /c  = 0.10 t o   p r o v i d e   s t r u c t u r a l   s u p p o r t   f o r   t h e  model  and t o   p e r m i t   t r a n s f e r  of 
compressed a i r  from t h e  booms t o  t h e  model propuls ion system. 
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The twin-engine a f t  end shown i n  f i g u r e  l ( b )  w a s  a t t a c h e d  to the  support-system 
wing/centerbody by mounting on a six-component  strain-gage  balance as shown. The 
combined fo rces  and moments f o r  t h e  a f t e r b o d y  s h e l l ,  empennage su r faces ,  and  ou te r  
nozz les  were measured by the balance and are termed t o t a l  af t -end forces  and moments 
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i n  this paper. Note t h a t  t h e  model p ropu l s ion   sys t em  ( th rus t )   fo rces  and moments 
were no t  measured by the  ba lance ,  as the  propuls ion  sys tem w a s  a n  i n t e g r a l  p a r t  o f  
t h e  model support   system.  Clearance w a s  provided  between  the metric and  nonmetric 
po r t ions  of t he  model. The a f t e r b o d y  l i n e s  were chosen  to  be  typ ica l  of c u r r e n t  
c lose-spaced  twin-engine  f igh ter  des igns  and  to  fa i r  the  a f te rbody smooth ly  from the  
c o n s t a n t   c r o s s   s e c t i o n  of the  centerbody down to   t he   nozz le s .   In   add i t ion ,   t he  
a f te rbody w a s  r equ i r ed  to  house  the  a f t e rbody  ba lance ,  p ropu l s ion  s imula t ion  sys tem,  
and r e l a t ed  in s t rumen ta t ion .  
A ske tch  of the   ax isymmetr ic   nozz le   t es ted  i s  shown i n  f i g u r e  l ( c ) .  The nozzle 
conf igu ra t ion  s imula t e s  a convergent -d ivergent  nozz le  des ign  wi th  fu l ly  var iab le  
t h r o a t  area and  expans ion  ra t io  cont ro l .  The n o z z l e  t h r o a t  area represented  maximum 
nonaugmented (dry  power)   nozzle   operat ion.  The nozz les  were s i z e d  t o  be c o n s i s t e n t  
with  advanced  mixed-flow  turbine  engine  cycles  (ref.  2 1 ) .  As shown i n   t h e   s k e t c h ,  
the nozzle  consis ted of  both an inner  and an ou te r  model par t .  The outer  nozz le  
a t t a c h e d  d i r e c t l y  t o  t h e  a f t e r b o d y .  Note tha t  t he  inne r  and  ou te r  nozz le s  were sep- 
a r a t e d  by a nominal 0.19-cm clearance gap to  prevent  foul ing (or  grounding)  between 
t h e  metric a f t  end and the nonmetr ic  internal  propuls ion system. 
The af terbody had provis ions for  mounting both the twin ver t ical  t a i l s  and  the  
h o r i z o n t a l  ta i ls  i n  t h r e e  a x i a l  l o c a t i o n s  as i l l u s t r a t e d  i n  f i g u r e  l ( d ) .  The e f f e c t s  
of  empennage l o c a t i o n  on t h i s  model have  been  reported  in   reference 1 1 .  Note t h a t  
t he  l ead ing  edge  o f  t he  roo t  chords  fo r  bo th  ho r i zon ta l  and  ve r t i ca l  ta i ls  could  be 
loca ted  a t  FS 127.00, FS 136.68, o r  FS 145.57. These l o c a t i o n s  w i l l  be  termed  fwd, 
mid,  and a f t ,   r e s p e c t i v e l y ,   t h r o u g h o u t   t h e   r e p o r t .  The h o r i z o n t a l  t a i l  w a s  no t  
t e s t e d  a t  t h e  mid p o s i t i o n .  A t  t he  fwd and mid v e r t i c a l - t a i l  l o c a t i o n s ,  t a i l  
b r a c k e t s  p r o v i d e d  t h e  a b i l i t y  t o  e i t h e r  c a n t  o r  t o e  t h e  s h o r t - c h o r d  t w i n  v e r t i c a l  
ta i ls .  Cant  angles of -1 Oo, Oo, 1 Oo, and 20° (outboard   can t   pos i t ive)   and   toe   angles  
of - 2 O ,  Oo, 2 O ,  and 4 O  ( l ead ing   edge   ou t   pos i t i ve )  w e r e  t e s t e d  as shown i n  f i g -  
ure  1 ( e ) .  The toe-angle  brackets  w e r e  d e s i g n e d  t o  a l l o w  t h e  v e r t i c a l  ta i ls  t o  r o t a t e  
about  the midpoint  of t he  roo t  chord .  
Sketches of t h e  v e r t i c a l  a n d  h o r i z o n t a l  t a i l s  are shown i n  f i g u r e s  l ( f ) ,  l ( g ) ,  
and l ( h ) .  These t a i l s  w e r e  s i z e d  t o  be r e p r e s e n t a t i v e  (as  w e r e  the   af terbody  and 
nozz le s )  of c u r r e n t   t w i n - e n g i n e   f i g h t e r   a i r c r a f t   d e s i g n s .   T h r e e   d i f f e r e n t   v e r t i c a l -  
t a i l  conf igu ra t ions  were tes ted :  the  shor t - root -chord  t a i l  with a symmetrical a i r f o i l  
s e c t i o n  ( f i g .  1 ( f )  ) ,  the  shor t - root -chord  t a i l  with a cambered a i r f o i l  s e c t i o n  
( f i g .  l ( f ) ) ,  and the  long-root-chord t a i l  with a symmetrical a i r f o i l  s e c t i o n  
( f i g .  l ( g ) ) .  P l a n f o r m  area and t a i l  span were h e l d  c o n s t a n t  f o r  a l l  t h e  v e r t i c a l -  
t a i l  conf igu ra t ions .  A ske tch  of t h e   h o r i z o n t a l  t a i l  i s  found i n  f i g u r e  l ( h ) .  As 
i n d i c a t e d  i n  e a c h  of t h e  t a i l  s k e t c h e s ,  i n d i v i d u a l  r o o t  f a i r i n g s  ( f i l l e r s )  c o n t o u r e d  
the  t a i l s  to  the  a f  t e rbody  a t  each t a i l  loca t ion .  
Sketches of t h e  s i d e  v i e w  p r o f i l e s  and af te rbody cross  sec t ion  contours  of both 
the  basic a n d  a l t e r n a t e  i n t e r f a i r i n g s  are shown i n  f i g u r e s  I ( i )  and l ( j ) ,  respec- 
t i v e l y .  As i n d i c a t e d  i n  f i g u r e   l ( j ) ,   c o n t o u r s   o u t b o a r d   o f   t h e   n o z z l e   v e r t i c a l   c e n t e r  
p lanes  were i d e n t i c a l  f o r  a l l  a f t e r b o d i e s  t e s t e d .  
Normal c r o s s - s e c t i o n a l  area d i s t r i b u t i o n s  f o r  v a r i o u s  c o n f i g u r a t i o n  components 
are p r e s e n t e d  i n  f i g u r e  3. Note tha t  t he  inc remen ta l  area d i s t r i b u t i o n s  are provided 
f o r  t h e  v a r i o u s  i n d i v i d u a l  components  such as f o r  t w i n - v e r t i c a l - t a i l  l o c a t i o n  i n  
f igu res  3 (  a)  and 3 (  b )  , h o r i z o n t a l - t a i l   l o c a t i o n   i n   f i g u r e  3 (  c )  , and i n t e r f a i r i n g  
shape i n  f i g u r e  3 ( d ) .  I n  o r d e r  t o  d e t e r m i n e  t h e  area d i s t r i b u t i o n  of a complete 
conf igura t ion  ( for  example ,  forward  twin  ver t ica l  t a i l s  and a f t  h o r i z o n t a l  t a i l s  used 
w i t h  a l t e r n a t e  i n t e r f a i r i n g )  , t a i l  area increments a t  t h e i r   r e s p e c t i v e  X/I loca- 
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t i o n s  f o r  t h e  i n d i v i d u a l  t a i l  components  must be added o n t o  t h e  appropriate 
fuselage/wing area d i s t r ibu t ion  (wh ich  is  represented  by t h e  s o l i d  l i n e  i n  f i g .  3 ) .  
Ins t rumenta t ion  
External  aerodynamic forces  and moments on t h e  model a f t  end (af terbody,  empen- 
nage  sur faces ,  and  outer  nozz les )  were measured with a six-component strain-gage 
balance.  Forces  and moments on the  propuls ion  s imula t ion  sys tem were not  measured. 
E i g h t   e x t e r n a l - s e a l   s t a t i c - p r e s s u r e  orifices,  denoted pes i n   f i g u r e  ~ ( b ) ,  were 
loca ted  in  the  me t r i c -b reak  seal area between  the  centerbody  and  af terbody.   In   addi-  
t i o n ,  t w o  i n t e r n a l  p r e s s u r e  o r i f i c e s  pin l o c a t e d  i n  t h e  model c a v i t y   a n d   e i g h t  
p r e s s u r e  o r i f i c e s  pan loca ted   in   the   annular   gap   be tween  the   inner   and   ou ter   noz-  
z l e s  were used to  m e a s u r e  i n t e r n a l  p r e s s u r e s  i n  t h e  model.  These pressures ,   a long  
with corresponding areas, were used to  correct  the balance measurements .  
Each i n t e r n a l  n o z z l e  w a s  instrumented with t w o  t o t a l - p r e s s u r e  probe rakes  
located 180° apart and  s taggered to  prevent   appreciable   f low  blockage.  Each r ake  
conta ined  t w o  t o t a l - p r e s s u r e  probes as shown i n  f i g u r e  l ( c ) .  An a d d i t i o n a l  probe w a s  
located in  each  nozz le  and  conta ined  a thermocouple,  which w a s  used €or the measure- 
ment  of t o t a l  temperature .  
Each outer  nozz le  had  three  rows of e x t e r n a l  p r e s s u r e  o r i f i c e s  ( w i t h  f i v e  p r e s -  
s u r e  o r i f i c e s  i n  e a c h  row) f o r  measurement  of e x t e r n a l  p r e s s u r e  d i s t r i b u t i o n  o n  t h e  
nozzles .  A t a b l e   c o n t a i n i n g   t h e   o r i f i c e   l o c a t i o n s   o f   t h e  30 s ta t ic  taps on t h e  noz- 
z l e s  can  be  found i n  f i g u r e  1 ( c ) .  All o r i f i c e s  are shown on the  le f t -hand  nozz le  for  
s implici ty .   Stat ic-pressure  measurements   f rom  these taps were used i n  a p re s su re -  
area in t eg ra t ion  ove r  t he  nozz le  su r face  t o  ob ta in  nozz le  p re s su re  d raq .  
Tests 
Data were ob ta ined  in  the  Lang ley  16-Foot Transonic Tunnel a t  Mach numbers  from 
0.6 t o  1.2.  Angle  of a t t a c k  was va r i ed  from -2O t o  1 O o ,  and  the  nozzle   pressure 
r a t i o  ( r a t i o  of j e t  t o t a l  p re s su re  to  free-s t ream s t a t i c  pressure) ranged from 1.0 
( j e t  o f f )  t o  approximately 10.0.  Reynolds number based  on  the mean geometr ic   chord 
of the support-system wing varied from approximately 4.4 x l o6  t o  6.1 x 10 6 . 
A l l  con f igu ra t ions  were tested wi th  f ixed  boundary - l aye r  t r ans i t i on  s t r ip s  on 
the  model  nose  and  wings  and  on  the  afterbody  empennage  surfaces. A 0.254-cm-wide 
str ip of No.  120 s i l i c o n  c a r b i d e  grit was loca ted  5.08 c m  from the nose of the  fo re -  
body  and i n  a s t r a i g h t  l i n e  a l o n g  t h e  wing span from 5 p e r c e n t  of t h e  root chord t o  
10   percent   o f   the  t i p  chord.   Transi t ion strips 0.254 c m  wide  of No. 120 s i l i c o n  
carbide g r i t  were located 1.27 cm a f t  of  the leading edge of t h e  ver t ical  and hori-  
z o n t a l  tai ls .  The p r o c e d u r e  u s e d  f o r  s e l e c t i n g  g r i t  s i z e  a n d  l o c a t i o n  c a n  be found 
i n  r e f e r e n c e  22. 
Data Acquis i t ion and Procedure 
D a t a  f o r  b o t h  model and wind-tunnel tes t  in s t rumen ta t ion  were recorded on mag- 
n e t i c  tape. A t  each tes t  po in t ,  50 samples of data were recorded  over  a 5-sec 




Tota l  a f t -end  drag  w a s  measu red  d i r ec t ly  from the six-component strain-gage 
ba lance  but  w a s  cor rec ted  for  var ious  pressure-area  terms. Tota l  a f t -end  drag  w a s  
computed  from the  fo l lowing  equat ion:  
The f i r s t  two pressure-area terms cor rec t  fo r  fo rces  measu red  by the  balance.  The 
last term i n  e q u a t i o n  ( 1 )  is an  ex terna l  base  pressure  drag  not  ac tua l ly  measured  by  
the  ba l ance  bu t  which  has  been  charged to  a f t - end  d rag  th roughou t  t h i s  r epor t .  U s e  
of this las t  term w a s  t o  p a r t i a l l y  a c c o u n t  f o r  t h e  a d d i t i o n a l  n o z z l e  b o a t t a i l  d r a g  
t h a t  would have been measured had a more realist ic n o z z l e  b o a t t a i l  e x i s t e d  where  no 
c learance  be tween the  in te rna l  and  ex terna l  nozz le  w a s  requi red .  
Nozzle  drag Dn w a s  ob ta ined  by add ing  nozz le  p re s su re  d rag  to  a computed  noz- 
z l e  sk in - f r i c t ion  d rag .  Nozz le  p re s su re  d rag  w a s  determined by in t eg ra t ion  o f  nozz le  
p re s su re   d i s t r ibu t ions   ove r   t he   nozz le   su r f ace  area. Nozzle   sk in- f r ic t ion   d rag  w a s  
computed using the method of  Frank1 and Voishel  for  compressible ,  turbulent  f low on a 
f l a t  p la te ,  as d e s c r i b e d  i n  r e f e r e n c e  23. 
ver t ical-  and   ho r i zon ta l - t a i l   d rag  Dtails w a s  d e f i n e d   t o  be the  sum of  orm 
d r a g  p l u s  s k i n - f r i c t i o n  d r a g  f o r  M < 0.9, and  the sum of wave drag  p lus  sk in-  
f r i c t i o n  d r a g  f o r  M > 1.0. Skin- f r ic t ion   d rag   and  wave drag  were computed us ing  
methods  of r e fe rences  23 and 24. The subson ic   fo rm  f ac to r s   fo r   t he  t a i l s  were 
obtained from empirical c o r r e l a t i o n s  of unpublished NASA d a t a  and w e r e  c a l c u l a t e d  
using the equat ion 
The ind iv idua l  roo t  f a i r ings  r equ i r ed  fo r  each  t a i l  l o c a t i o n  were a l s o  i n c l u d e d  i n  
the  sk in - f r i c t ion  and  wave d rag  ca l cu la t ions .  Using  previously  determined  drag com- 
ponents ,   af terbody  drag Da w a s  ob ta ined  from the   fo l lowing   equat ion:  
The t a i l  i n t e r f e r e n c e  terms used i n  t h i s  r e p o r t  are cons is ten t  wi th  those  used  
i n  r e f e r e n c e s  1 1  and 15. The i n c r e m e n t   i n  empennage i n t e r f e r e n c e - d r a g   c o e f f i c i e n t  on 
t h e  t o t a l  a f t  e n d  w a s  determined from 
where (CD)tails on is the   measured   to ta l   a f t -end   drag  for a g iven   conf igura t ion ;  
(CD)ta+ls off i s  the  measured  af t -end  drag  for   the same af terbody/nozzle   configura-  
t i o n   w l t h   t h e  t a i l s  removed;  and %,tails is t h e  computed  value  of tail drag  as 
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discussed   prev ious ly .  Hence t h i s  t o t a l  t a i l  in t e r f e rence   i nc remen t   i nc ludes   t he  
i n t e r f e r e n c e  e f f e c t s  of  one  empennage s u r f a c e  on ano the r ,  of the  a f t e rbody /nozz le s  on 
t h e  empennage surfaces ,   and  of  empennage s u r f a c e s  on the   a f te rbody/nozz les .  It also 
inc ludes  drag  increments  assoc ia ted  wi th  misa l ignment  of  the  empennage s u r f a c e s  w i t h  
the   a f t e rbody   f l ow  f i e ld .  The i n c r e m e n t  i n  empennage i n t e r f e r e n c e - d r a g  c o e f f i c i e n t  
on the  nozz les  a lone  w a s  found from the  fo l lowing  equa t ion :  
ED,in - (‘D,n) ta i ls  on - (‘D,n)tails  off - 
where the  nozz le  d rag  coe f f i c i en t s  are i n t e g r a t e d  p r e s s u r e  d i s t r i b u t i o n s  over t h e  
nozz le   su r f ace .  This empennage in t e r f e rence   i nc remen t ,   t hen ,  is t h e   r e s u l t  of 
changes i n  n o z z l e  p r e s s u r e  d i s t r i b u t i o n  r e s u l t i n g  f r o m  a d d i n g  empennage s u r f a c e s  t o  
an   a f te rbody/nozz le   conf igura t ion .  The i n c r e m e n t   i n  empennage in te r fe rence-drag  
c o e f f i c i e n t  on the  a f  te rbody a lone  w a s  then def ined t o  be the  d i f f e rence  be tween  the  
empennage in te r fe rence  increments  on t h e  t o t a l  a f t  end and on the nozzles alone, or 
I n  a n  e f f o r t  to  avoid errors associated wi th  computa t ion  of  l i f t - induced  drag  on t h e  
ho r i zon ta l - t a i l   su r f aces ,   a f t e rbody ,   and   nozz le s ,   t hese   i n t e r f e rence  terms w e r e  com- 
p u t e d  o n l y  a t  a n  a n g l e  of a t t ack  o f  Oo. 
RESULTS AND DISCUSSION 
Basic Data 
The basic d a t a  o b t a i n e d  d u r i n g  t h i s  i n v e s t i g a t i o n  are indexed i n  table I. The 
f o r c e  and moment d a t a  l i s t e d  i n  c o e f f i c i e n t  form are found i n  t a b l e s  I1 t o  V. A l l  
t abu la t ed  fo rce  and  moment c o e f f i c i e n t  d a t a  are presented  wi th  the  cor responding  Mach 
number M, a f t e rbody   ang le   o f   a t t ack  a, and   nozz le   p re s su re   r a t io  NPR ( r a t i o   o f  
averaged j e t  t o t a l  p r e s s u r e  to  free-stream s ta t ic  p r e s s u r e ) .  
Data Comparisons 
I n  a n  e f f o r t  t o  s impl i fy  the  ana lys i s ,  da ta  have  been  cross -p lo t ted  a t  selected 
values   of   nozzle   pressure r a t io  ( N P R ) .  Figure 4 p r e s e n t s  the t y p i c a l  v a r i a t i o n  i n  
turbofan-engine  nozzle   pressure r a t io  with Mach number u s e d  f o r  t h i s  a n a l y s i s .  While 
d i scuss ion  of the r e s u l t s  is based  on t h i s  p a r t i c u l a r  s c h e d u l e  of NPR as a f u n c t i o n  
of Mach number, it would a l s o  be g e n e r a l l y  t r u e  for o ther   schedules .  However, t h e  
magnitude of  the differences between configurat ion drag coeff ic ients  might  vary 
s l i g h t l y .  
Configuration  comparisons are p r e s e n t e d   i n   f i g u r e s  5 t o  21. In  par t  ( a )  of  each 
f i g u r e ,  t h e  to ta l  aft-end drag and l i f t  c h a r a c t e r i s t i c s  are p l o t t e d  a g a i n s t  Mach 
number f o r  two values   of   af terbody  angle   of   a t tack,  Oo and 8O. The dashed-curve 
f a i r ings   found   fo r  a l l  d a t a  a t  a = 8 O  i n d i c a t e  t h a t  t h e  a c t u a l  f a i r i n g  would prob- 
a b l y  d i f f e r  had data  been acquired a t  in t e rmed ia t e  Mach numbers (0.6 < M < 0.9) .  
P r e s e n t e d  i n  par t  (b )  of each of these figures are the  ind iv idua l  a f t - end  d rag  coe f -  
f i c i e n t  components   (nozz le   d rag   coef f ic ien t  C D I n ,  computed t a i l  d r a g  c o e f f i c i e n t  
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'D, t a i  1s , 
c o e f f i c i e n t  i n c r e m e n t s  ( t a i l  i n t e r f e rence  inc remen t  on t h e  t o t a l  a f t - e n d  
t a i l  in te r fe rence   increment  on the  nozzles   and t a i l  in te r fe rence   increment  
on the af te rbody I I C ~ , ~ ~ ) .  The component d r a g   c o e f f i c i e n t s  and i n t e r f e r e n c e   i n c r e -  
ments are presented only a t  an af terbody angle  of a t t a c k  of approximately Oo . Note 
that  values  of in te r fe rence  increments  less t h a n  z e r o  i n d i c a t e  f a v o r a b l e  i n t e r f e r -  
ence ,  and  va lues  grea te r  than  zero  ind ica te  unfavorable  in te r fe rence .  
and   a f t e rbody   d rag   coe f f i c i en t  C ) and  the t a i l  interference-drag-  
D, a 
"D, it' 
The base l ine  a f t - end  conf igu ra t ion  cons i s t ed  o f  t he  a f t e rbody  wi th  d ry  power 
nozz le s ,  bas i c  eng ine  in t e r f a i r ing ,  and  shor t - roo t - chord  tw in  ve r t i ca l  t a i l s  with 
symmetrical airfoi ls .   Unless   otherwise  noted,   data   comparisons were made f o r  t h i s  
base l ine  conf igu ra t ion .  
Twin-ver t ica l - ta i l  toe  angle . -  The e f f e c t s  of tw in -ve r t i ca l - t a i l  t oe  ang le  on 
t o t a l  a f t - e n d  l i f t  and  drag  coef f ic ien ts ,  ind iv idua l  drag-coef f ic ien t  components ,  and  
t a i l  interference-drag  increments  are p r e s e n t e d  i n  f i g u r e s  5 t o  7. A summary of the  
e f f e c t s  of t oe -ang le  va r i a t ion  on t o t a l  a f t - e n d  d r a g  is shown i n  f i g u r e  22. 
Examinat ion  of  the  drag  da ta  presented  in  f igure  22 shows t h a t  t h e  v e r t i c a l - t a i l  
toe  angle  for  lowes t  drag  i s  a func t ion  of Mach number, angle  of a t t a c k ,  a n d  t o  a 
lesser e x t e n t ,  empennage loca t ion .  A t  subsonic  speeds  and a = Oo, (I,t = 2' t o e   o u t  
of the v e r t l c a l  t a i l s  provided the lowest  values  of  af t -end drag for  a l l  config-  
u ra t ions   t e s t ed .   Apparen t ly   t he   ve r t i ca l  t a i l s  with a toe-out   angle  of 2 O  a r e  more 
near ly  a l igned  wi th  the af   terbody  f low  f ie ld .  As t he  toe  ang le  i s  decreased  (from 
2 O ) ,  i t i s  be l i eved  tha t  t he  f low is acce lera ted  over  the  inboard  sur face  of t h e  
ta i ls  and r e s u l t s  i n  a c c e l e r a t e d  f l o w  o v e r  much of the af terbody region between the 
t a i l s  (see r e f s .  12 and  25). As a r e s u l t ,   a f t e r b o d y   p r e s s u r e s  are reduced on t h e  
upper   sur face .   This   reduced   pressure   resu l t s   in   increased   drag   as  w e l l  as increased  
l i f t  ( f i g s .  5 t o  7 ) .  In   add i t ion ,   d rag  on t h e   i n d i v i d u a l   v e r t i c a l  ta i ls  is  inc reased  
because the t a i l s  are e f f e c t i v e l y  a t  an angle of i n c i d e n c e  w i t h  r e s p e c t  t o  t h e  a f t e r -  
body f low  f ie ld .   Converse ly ,   an   increase  of t h e   t o e   a n g l e   t o  Gt = 4 O  would t e n d   t o  
dece lera te   the   f low  inboard  of t h e  t a i l s .  Again t h e  v e r t i c a l - t a i l  d r a g  would be 
inc reased   (ove r   t he  (I, = 2 O  case) because of the   angle  of i n c i d e n c e   t o   t h e   a f t e r -  
body f low  f i e ld .  The n e t  r e s u l t  as s e e n  i n  f i g u r e s  22 and 5 t o  7 fo r   t he   i nc reased  
toe  angle  w a s  an  ove ra l l  i nc rease  in  the  a f t - end  d rag  and  a d e c r e a s e  i n  l i f t  when 
compared wi th   the  (I, = 2 O  toe-out case. Data a t  low supersonic   speeds ( M  = 1 . 2 )  
and a = Oo i n d i c a t e   t h a t  optimum toe  angle  probably  occurs  between Oo and 2 O ,  
depending upon  empennage loca t ion .  
t 
t 
A s  angle  of a t t a c k  i s  i n c r e a s e d   t o  8O, t h e   d a t a  a t  M = 0.9 ( s o l i d  symbols i n  
f i g .  22)  show t h a t   t h e  (I, = 4O t oe -ou t   con f igu ra t ion   r e su l t ed   i n   t he   l owes t   d rag .  
T h i s  d e c r e a s e  i n  d r a g  d u e  t o  i n c r e a s e d  t o e  a n g l e  is b e l i e v e d  t o  r e s u l t  from increased 
a n g u l a r i t y  of t h e  f l o w  f i e l d  r e l a t i v e  t o  t h e  model a x i s  caused by flow  from  the  lower 
to  the  upper  sur face  of  the  a f  te rbody.  
t 
The t a i l  in te r fe rence-drag-coef f ic ien t   increments  on t h e  t o t a l  a f t - e n d  acD,it, 
found on p a r t  ( b )  of f i g u r e s  5 t o  7 ,  are seen  to  inc rease  wi th  inc reas ing  subson ic  
Mach number and  decrease  with  increasing  supersonic  Mach number. This   t rend w a s  con- 
s i s t e n t  f o r  a l l  conf igu ra t ions   t e s t ed .  The importance of t h i s  t r e n d  c a n  be i l l u s -  
t r a t e d  by comparisons  of  the t a i l  i n t e r f e r e n c e  on t h e  t o t a l  a f t - e n d  ACD, it wi th  the  
t o t a l   a f t - e n d   d r a g  CD f o r   t h e  Qt = 0' case p r e s e n t e d   i n   f i g u r e  5. A t  M = 0.9, 
t h e  t a i l  in te r fe rence-drag-coef f ic ien t  increment  on t h e  t o t a l  a f t - e n d  
is  0.0032, a n d  t h e  t o t a l  a f t - e n d  d r a g  c o e f f i c i e n t  i s  0.0086. J u s t  o v e r  37 pe rcen t  
of the t o t a l  a f t - e n d  d r a g  c a n  b e  a t t r i b u t e d  t o  t a i l  in te r fe rence .   Converse ly ,  a t  
M = 0.6 and M = 1.2, t he   i n t e r f e rence   i nc remen t  w a s  a small, favorable  one. T a i l  
acD, i t  
9 
i n t e r f e r e n c e  e f f e c t s  on d rag  w e r e  measured throughout the Mach number r ange  t e s t ed  
and genera l ly  provided  a s ign i f i can t  pe rcen tage  o f  t o t a l  a f t - end  drag i n  t h e  t r a n -  
sonic  speed  range. A similar r e s u l t  h a s  b e e n  r e p o r t e d  i n  r e f e r e n c e  15 f o r  s i n g l e -  
engine   conf igura t ions .  As would be  expected  from  the earlier d i s c u s s i o n  o f  t o t a l  
af t -end drag,  the t a i l  interference-drag increments  were r e l a t i v e l y  small f o r  t h e  
(I, = 2 O  toe-out   conf igura t ions .  
t 
It i s  obvious from the da ta  p re sen ted  that a f t -end  drag  is e x t r e m e l y  s e n s i t i v e  
t o  v e r t i c a l - t a i l  t o e  a n g l e  as evidenced by t h e  l a r g e  d r a g  p e n a l t i e s  r e s u l t i n g  f r o m  
nonopt imized toe-angle  set t ings (f  ig .  22)  . As is always the case w i t h  a i r c r a f t  
design,  compromises  must be made. For the   a f te rbody  conf igura t ion   and  tes t  condi- 
t i ons   p re sen ted ,  (I,t = 2 O  t o e   o u t   p r o b a b l y   o f f e r s   t h e   b e s t  compromise f o r  improved 
airplane  performance  throughout  a complete  mission. It  must  be  cautioned,  however, 
t h a t  optimum toe  ang le  is probably highly dependent on the forebody f low f i e l d ,  and 
as a r e s u l t  would be a func t ion  of forebody, wing/strake/canard,  and afterbody shape 
ahead of t he  ta i ls .  
Twin-ver t ica l - ta i l  c a n t  angle.-  -~ The e f f e c t s  of tw in -ve r t i ca l - t a i l   c an t   ang le  on 
t o t a l  a f t - e n d  l i f t  a n d  d r a g  c o e f f i c i e n t s ,  i n d i v i d u a l  d r a g  c o e f f i c i e n t  c o m p o n e n t s ,  a n d  
t a i l  in te r fe rence-drag-coef f ic ien t   increments  are p r e s e n t e d   i n   f i g u r e s  8 and 9. A 
summary of t h e  e f f e c t s  of can t - ang le  va r i a t ion  on  to t a l  a f t - end  d rag  is shown i n  
f i g u r e  23. 
AS w a s  t he  case f o r  t o e  a n g l e ,  v e r t i c a l - t a i l  c a n t - a n g l e  e f f e c t s  on af t -end drag 
were dependent upon Mach number, angle   of   a t tack,   and empennage loca t ion .  Examina- 
t i o n  of summary f i g u r e  23 i n d i c a t e s  t h a t ,  f o r  a n  a n g l e  of a t t a c k  of Oo, t h e  c a n t  
pos i t ion   o f  20° general ly   produced  the  lowest   drag.  A t  a = 8 O ,  however,  lowest  drag 
r e s u l t e d  from can t   ang le s  of - I O o  t o  Oo. In   gene ra l   fo r   t he   con f igu ra t ions   t e s t ed ,  
cant-angle  var ia t ion did not  have as la rge  an  impact on af t -end drag as toe-angle 
v a r i a t i o n ,  b u t  s i g n i f i c a n t  r e d u c t i o n s  i n  d r a g  c o u l d  b e  o b t a i n e d  by outward cant  of 
t he   tw in   ve r t i ca l  t a i l s  a t  a = Oo. In f ac t ,  as s e e n   i n   f i g u r e s  8 ( b )  a n d   9 ( b ) ,  a 
p o s i t i v e  c a n t  a n g l e  ( 1  Oo o r  Z O O )  r esu l ted  i n  f a v o r a b l e  ( n e g a t i v e )  t o t a l  a f t - e n d  
empennage interference-drag increments  
The r e a s o n s  f o r  t h e s e  d r a g  improvements are not  understood.  
acDl it over much of  the Mach r ange  t e s t ed .  
E f fec t s  of v e r t i c a l - t a i l  c a n t  on l i f t  c o e f f i c i e n t  ( f i g s .  8 ( a )  and 9 ( a ) )  were 
r e l a t i v e l y  small f o r  a = Oo. As af te rbody  angle  of a t tack  increased,   outward  twin-  
v e r t i c a l - t a i l  c a n t  r e s u l t e d  i n  s i g n i f i c a n t  i n c r e a s e s  i n  l i f t  as might he expected, 
s i n c e  o u t w a r d  c a n t  r e s u l t s  i n  a component of l i f t  b e i n g  d i r e c t e d  n o r m a l  t o  t h e  a f te r -  
body ax i s .  
Twin -ve r t i ca l - t a i l  camber.- The e f fec ts  of  camber ing  the t w i n  v e r t i c a l  t a i l s  
(and varying the locat ion of t h a t  camber) on t o t a l  a f t - e n d  l i f t  and  drag  coef f i -  
c i e n t s ,  i n d i v i d u a l  d r a g - c o e f f i c i e n t  components,  and t a i l  interference-drag increments  
are p r e s e n t e d  i n  f i g u r e s  10 t o  15. A summary of the   e f fec ts   o f   camber ing   the   ver -  
t i ca l  tails on t o t a l  a f t - e n d  d r a g  is shown i n  figure 24. Data are presented  for  bo th  
symmetrical and  cambered t w i n - v e r t i c a l - t a i l   a i r f o i l s .  The camber-inboard  designation 
i n d i c a t e s  t h a t  t h e  mean camber l i n e  o f  e a c h  v e r t i c a l - t a i l  a i r f o i l  i s  or ien ted  inboard  
of  the t a i l  chord  l ine.   Conversely,  camber o u t b o a r d   i n d i c a t e s   t h a t   t h e  mean camber 
l i n e  is outboard of the chord l ine.  
A s  shown i n  f i g u r e  24, t h e  e f f e c t s  of  camber on af t -end drag were determined €or 
v a r i o u s  v e r t i c a l - t a i l  c a n t  a n g l e s  a t  two v e r t i c a l - t a i l  a x i a l  l o c a t i o n s .  Note t h a t  
v e r t i c a l - t a i l   t o e   a n g l e  w a s  f i x e d  a t  Oo. Symmetrical-airfoil ,   camber-outboard,   and 
camber-inboard configurations were inves t iga t ed  a t  v e r t i c a l - t a i l  c a n t  a n g l e s  o f  Oo. 
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In  add i t ion ,  i nboa rd  camber was t e s t e d  when t h e  t w i n  v e r t i c a l  tai ls  were canted out-  
ward ( @t = 1 Oo and 20°) , and outboard camber w a s  t e s t e d  when t h e  v e r t i c a l  t a i l s  were 
canted  inward ( @ t  = - I O o ) .  These d a t a  i n d i c a t e  t h a t  r e g a r d l e s s  of v e r t i c a l - t a i l  
a x i a l  l o c a t i o n  o r  c a n t  a n g l e ,  o u t b o a r d  v e r t i c a l - t a i l '  camber genera l ly  reduced  to ta l  
aft-end drag, and inboard camber g e n e r a l l y  i n c r e a s e d  t o t a l  a f t - e n d  d r a g  compared wi th  
t h e  s y m m e t r i c a l  a i r f o i l .  These r e s u l t s  a r e  n o t  t o t a l l y  u n e x p e c t e d  i f  it is r e a l i z e d  
t h a t ,  a t  s u b s o n i c  s p e e d s ,  t h e  e f f e c t s  of o r i e n t a t i o n  of t h e  v e r t i c a l - t a i l  camber a r e  
similar t o  t h o s e  e f f e c t s  n o t e d  f o r  v e r t i c a l - t a i l  t o e  a n g l e .  Both the  symmetrical-  
a i r f o i l  and the  camber- inboard  cases  probably  ac t  to  acce lera te  the  f low over  the  
a f te rbody in  the  reg ion  be tween the  ta i l s  as previous ly  noted  for  toe  angles  of Oo 
and - 2 O .  The camber-outboard  configurations ( a t  I$ = Oo ) provided  aft-end  drag 
l e v e l s   n e a r l y   i d e n t i c a l   t o   t h o s e   f o u n d   p r e v i o u s l y   f o r   t h e  Gt = 2 O  t oe -ou t ' ca se  
( f i g .  2 2 ) .  The outboard-camber  configurations are b e l i e v e d  t o  be a t  or   near  a  non- 
l i f t i n g  c o n d i t i o n  ( e f f e c t i v e  t a i l  angle  of a t t a c k  of approximately - 2 O )  i n  t h e  wing/ 
forebody  f low  f ie ld .  Hence, the  outboard-camber tails have less   impact  on loca l   f low 
v e l o c i t i e s  n e a r  t h e  t a i l s  t h a n  would  be the case of t a i l  s u r f a c e s  t h a t  a r e  p r o v i d i n g  
l i f t  ( and   h ighe r   l oca l   acce l e ra t ions ) .  It is i n t e r e s t i n g  to  n o t e   t h a t   f o r  M = 1 .2 ,  
the  outboard-camber  configurations ( a t  9, = Oo) r e s u l t e d  i n  lower  aft-end  drag 
l eve l s  t han  those  ob ta ined  by outward  toe of t h e  v e r t i c a l  t a i l s .  
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The e f f e c t s  of v e r t i c a l - t a i l  camber on a f t - e n d  l i f t  ( f i g s .  10 t o  15)  tended t o  
be much more Mach number and empennage-configuration dependent than the drag results.  
The l i f t - c o e f f i c i e n t  c h a r a c t e r i s t i c s  f o r  t h e  a f t e r b o d y  c o n f i g u r e d  w i t h  v e r t i c a l  t a i l s  
i n  t he  fo rward  loca t ion  ( f ig s .  10 to 1 2 )  i n d i c a t e  t h a t ,  a t  s u b s o n i c  s p e e d s  , outboard 
camber d e c r e a s e d  l i f t ,  and inboard camber i n c r e a s e d  l i f t  r e l a t i v e  t o  t h e  s y m m e t r i c a l  
a i r f o i l .  Again it is assumed tha t   bo th   t he   symmet r i ca l - a i r fo i l  and  inboard-camber 
c o n f i g u r a t i o n s  r e s u l t  i n  accelerated f low over  the af terbody region between the 
t a i l s ,  r e d u c e d  s t a t i c  p r e s s u r e ,  and increased l i f t   i n  a  manner s i m i l a r  t o  t h a t  n o t e d  
f o r   t w i n - v e r t i c a l - t a i l   t o e - i n   a n g l e   ( n e g a t i v e  + t ) .  A t  M > 1 .O, t h e s e   t r e n d s   a r e  
reversed .  This same r e v e r s a l  i n  t r e n d  a l s o  o c c u r s  f o r  Mach numbers  above  0.8 f o r  t h e  
t w i n  v e r t i c a l   t a i l s   l o c a t e d  i n  the   mid-axia l   pos i t ion  a t  @t  = Oo and l o o  ( f i g s .   1 3  
and 1 4 ) .  These   t rend   reversa ls   cannot   cur ren t ly  be expla ined .  
T w i n - v e r t i c a l - t a i l  ~ ~ _ _ _ _ _ _ _ _  root-chord  length.-  The e f f e c t s  of t w i n - v e r t i c a l - t a i l   r o o t -  
chord length on t o t a l  a f t - e n d  l i f t  and  d rag  coe f f i c i en t s ,  i nd iv idua l  d rag -coe f f i c i en t  
components,  and t a i l  i n t e r f e r e n c e - d r a g  i n c r e m e n t s  a r e  p r e s e n t e d  i n  f i g u r e s  1 6  t o  18. 
The shor t - root -chord  base l ine  ta i ls  shown i n  f i g u r e  l ( f )  had a root-chord  length  of 
24.38 cm, while  the long-root-chord tails shown i n  f i g u r e  l ( g )  had  a root-chord 
length of 28.19 cm. 
Var i a t ion  i n  root-chord length had little e f f e c t  on d rag  excep t  fo r  t he  empen- 
nage conf igu ra t ion  shown i n  f i q u r e  1 6  ( b o t h  h o r i z o n t a l  and v e r t i c a l  t a i l s  l o c a t e d  
fo rward ) ,  where the  long-root -chord  ver t ica l  t a i l s  p rovided  drag  reduct ions  through-  
o u t  t h e  Mach number range. The r e a s o n s  f o r  t h i s  a r e  n o t  u n d e r s t o o d .  
Engine  in te r fa i r ing . -  The e f f e c t s  of e n g i n e  i n t e r f a i r i n g  c o n t o u r  on t o t a l  a f t -  
end l i f t  and  d rag  coe f f i c i en t s  and i n d i v i d u a l  d r a g - c o e f f i c i e n t  components a r e  p r e -  
s en ted  i n  f i g u r e s  19 t o  21. Tai l  in te r fe rence-drag   increments  were no t   ob ta ined   fo r  
the  alternate i n t e r f a i r i n g  c o n f i g u r a t i o n s .  
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Examination of the to ta l  af t -end l i f t  and drag c h a r a c t e r i s t i c s  i n d i c a t e s  that 
t h e  basic i n t e r f a i r i n g  g e n e r a l l y  p r o v i d e d  e q u a l  or lower drag and higher  l i f t  t han  
d i d  t h e  a l t e r n a t e  i n t e r f a i r i n g .  Lower  d r a g  f o r  t h e  basic i n t e r f a i r i n g  is oppos i t e  
t he  t r end  r epor t ed  in  r e fe rence  17  fo r  compar i son  of c i r c u l a r  arc and e l l i p t i c a l  
i n t e r f a i r i n g s  i n s t a l l e d  on a n   i s o l a t e d   ( n o  ta i ls)  twin-engine  afterbody model. How- 
ever, it must be n o t e d  t h a t  a f t - e n d  d r a g  c h a r a c t e r i s t i c s  are highly dependent on such 
c o n f i g u r a t i o n  variables as empennage s u r f a c e   l o c a t i o n s  (refs. 11 and  15) ,   af terbody 
and   nozz le   boa t t a i l   ang le s  ( ref .  171,  and  nozzle l a t e ra l  spac ing  ( ref .  1 ) .  The cur-  
r e n t  d a t a  i n d i c a t e  t h a t  e n g i n e  i n t e r f a i r i n g  s h a p e  s h o u l d  be e v a l u a t e d  i n  t h e  p r e s e n c e  
of empennage s u r f a c e s  for accu ra t e  de t e rmina t ion  of i t s  e f f e c t  on af t -end  drag.  The 
magnitude of  the effect  of  empennage l o c a t i o n  on t h e  r e s u l t s  from a n  i n t e r f a i r i n g  
shape s tudy is  i n d i c a t e d  by t h e  d i f f e r e n t  d r a g  t r e n d s  ( a  = Oo) shown i n  f i g u r e s  1 9  
t o  21. A t  subsonic   speeds,  as shown i n  par t  (b)  of f i g u r e s  1 9  t o  21 and as p rev i -  
o u s l y  r e p o r t e d  i n  r e f e r e n c e  17, the  la rges t  d rag  changes  due  t o  i n t e r f a i r i n g  s h a p e  
genera l ly   occur   on   the   nozz les  ( C  ) r a t h e r   t h a n  on the   a f t e rbody  (C, a ) .  A t  super-  
son ic  speeds ,  i n t e r f a i r ing  shape  t ended  to  a f f e c t  a f t e r b o d y  d r a g  s l i g h t l y  more than  
n o z z l e  d r a g ,  w i t h  t h e  h i g h e s t  a f t e r b o d y  d r a g  o c c u r r i n g  f o r  t h e  a l t e r n a t e  i n t e r f a i r -  
ing .   This   t rend  i s  probably  caused by inc reased  supe r son ic  wave d rag  due  to  the  
steeper af t -end   s lopes  (see f i g s .  l ( i )  and 3 ( d ) )  o f  t h e  a l t e r n a t e  i n t e r f a i r i n g .  
D l  n 
CONCLUSIONS 
A n  experimental  invest igat ion has  been conducted in  the Langley 16-Foot  
Transonic  Tunnel  to  de te rmine  the  e f fec ts  of s e v e r a l  empennage  and a f t e rbody  param- 
eters on twin-engine  af t -end  aerodynamic  character is t ics .  Model va r i ab le s   i nc luded  
t w i n - v e r t i c a l - t a i l  c a n t  a n g l e ,  toe a n g l e ,  a i r f o i l  camber, and  root-chord  length  and 
a f t e rbody /eng ine  in t e r f a i r ing  shape .  Tes t s  were conducted  over a Mach number range 
from 0.6 t o  1.2  and  over  an  angle-of-attack  range  from -2O t o  I O o .  Nozzle  pressure 
r a t io  w a s  va r i ed  from 1 .O ( j e t  o f f )  t o  approximately 10.0. Resul t s   f rom  th i s   s tudy  
ind ica t e  the  fo l lowing :  
1 .  Tail i n t e r f e r e n c e  e f f e c t s  on t o t a l  a f t - e n d  d r a g  w e r e  p resent  th roughout  the  
Mach number range tes ted and provided a s i g n i f i c a n t  p e r c e n t a g e  of t o t a l  a f t - e n d  d r a g  
i n  t h e  t r a n s o n i c  s p e e d  r a n g e .  
2. Aft-end  drag was s e n s i t i v e   t o   t w i n - v e r t i c a l - t a i l   t o e   a n g l e .  A t  subsonic  
speeds and an angle  of  a t tack of  O o ,  s i g n i f i c a n t  r e d u c t i o n s  i n  d r a g  w e r e  obtained by 
a s l i g h t  outward  toe  angle  (approximately 2 O )  f o r  t h e  a f t e r b o d y  c o n f i g u r a t i o n  t e s t e d .  
A s  Mach number w a s  increased  to  supersonic  speeds ,  the  toe  angle  requi red  for  lowes t  
drag occurred between Oo and 2O toe out ,  depending upon v e r t i c a l -  a n d  h o r i z o n t a l - t a i l  
loca t ion .   Genera l ly ,  as ang le   o f   a t t ack   i nc reased ,  lowest af t -end  drag  occurred a t  
increased  outboard  toe  angles .  
3 .  S i g n i f i c a n t  d e c r e a s e s  i n  d r a g  were achieved by outward cant of the twin ver- 
t i c a l  t a i l s  a t  l o w  ang le s  of a t t a c k .  A t  h igher   angles   o f   a t tack   (approximate ly  8 O ) ,  
e i t h e r  no c a n t  or a s l i g h t  inward  cant  provided  drag  benef i t s .  
4. Outboard  placement of v e r t i c a l - t a i l  camber r educed  d rag  fo r  a l l  conf igura-  
t i o n s  t e s t e d ,  
1 2  
5. W i n - v e r t i c a l - t a i l  r o o t - c h o r d - l e n g t h  e f f e c t s  on aft-end l i f t  and drag were 
g e n e r a l l y  small. 
6.  Engine i n t e r f a i r i n g  s h a p e  e f f e c t s  on drag appeared t o  be conf igu ra t ion  
dependent and should be e v a l u a t e d  f o r  a p a r t i c u l a r  c o n f i g u r a t i o n  i n  t h e  p r e s e n c e  o f  
t a i  Is. 
Langley Research Center 
National Aeronautics and Space Administration 
Hampton, VA 23665 
March  24, 1983 
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TABLE I .- INDEX To BASIC DATA 
TABLE 11.- B A S I C   F O R C E  AND  MOMENT DATA  FOR  CONFIGURATION  WITH 












1 . z o o  
1.201 
1.202 





































( a )  


















0 . 0 0  
-0 .01  
-0 .00  






- 0 . 0 0  
0 .00  





0 .00  
0.01 
2 .01  






- 0 . 0 0  
-0 .00  























































4 . 2 1 8  
C r , v t  
-  
+t 



















































24.38 cm; symmetr ical  ver t ical- ta i l  a i r foi l ;  
= 00; 



























0 .0264  
0.0085 




















o . o o n 1  
0.0066 
0, = 0 ’ ;  bas ic  in te r fa i r ing  
. L  










- 0 . 0 0 0 6  
0.0343 
-0 .0011  
-0.0363 
-0.0887 
-0 ,0712  
-0.0950 
- 0 . 0 9 0 5  
-6.0002 
0 . 0 0 0 3  











-9 .0181  
-0,0263 
-0.0343 










- 0 . 0 4 4 6  



































































































- 0 . 0 0  
-0 .00  
-0 .01 









-0 .01  
0.01 
-0.01 






































































































0 .0581  





- 0 . 0 0 4 0  
- 0 . 0 0 4 3  

















































0 .0062  










































- 0 . 0 4 1 9  
- 0 . 0 4 1 0  
-0,0857 























0 . 0 0 0 5  





















-0 .0701  
-0.0631 
-0.015e 
- 0 . 0 4 5 ~  











TABLE 11.- Continued 
(b) c ~ , ~ ~  = 24.38 c m ;  symmetrical vertical-tail a i r f o i l ;  
(G = -2O; 4 = Oo; basic i n t e r f a i r i n g  t t 
" 












































































0 . 0 1  
- 0 . 0 1  
-0.00 
-0.00 
- 0 . 0 1  



















































































































































































































































































































8 . 0 1  
4.02 
8.01 
8 . 0 1  
7.9e 
~ 





































































































































































































1 8  












































































(c) C r , v t  = 24.38 cm; symmetrical v e r t i c a l - t a i l  a i r f o i l ;  
t + = 2 O ;  4& = Oo;  bas ic   in te r fa i r ing  








































































































































































































































N P R  
3.521 
4.205 























































































































































0;600 -0;03  1 2  0,0056 ,0076 - .0081 
-0;0727 
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TABLE 11.- Continued 
' r , v t  = 24.38 cm; s y m m e t r i c a l  v e r t i c a l - t a i l  a i r f o i l ;  
+t = 40; 4 = Oo; b a s i c  
t i n t e r f a i r i n g  
M a,deg  NPR C L  c D  
























































































































































































































































0 . 0 ~ 6 ~  
















































o . o o o e  
M 































































































































































































































































































- o . o o o e  
20 































( e )  c ~ , ~ ~  = 28.19 cm; symmetrical v e r t i c a l - t a i l  a i r f o i l ;  
J, = O o ;  Qt = Oo; bas ic  in te r fa i r ing  t 

























-0 .01  
0.01 
0.01 
0 . 0 0  












































































































































































2 . 0 0  
3.98 
5.98 
1 .99  
10.01 



































































































































































0.601  1,.033 ~
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TABLE 111.- BASIC  FORCE AND MOMENT  DATA  FOR  CONFIGURATION  WITH 
HORIZONTAL  TAILS  AFT  AND  VERTICAL  TAILS  FORWARD 
( a )  C r , v t  = 24.38 cm; symmetrical 
(I, = 0 ' ;  @t = Oo;  basic t 















































- 0 . 0 0  




















































































































































































































































































v e r t i c a l - t a i l  a i r f o i l ;  
i n t e r   f a i r i n g  











































































































































































































































TABLE I11 .- Continued 
(b )   c r lV t  = 24.38 cm; s y m m e t r i c a l  v e r t i c a l - t a i l  a i r f o i l ;  
+ = - 2 O ;  Q = Oo; b a s i c  i n t e r f a i r i n g  t t 






















I - I50 




























- o . n l  
- 2 . 0 0  


















- 0 . 0 0  
0.00 
-0 .01 




0 . 0 0  
0 .01  
0 . 0 1  
0.01 
0.01 
- 2 . 0 0  
0 . 0 0  
- 0 . 0 0  







- 0 . 0 0  










0 .931  
0.902 
2 . 0 0 5  
0.966 














































































































0 . 0 2 5 2  
0.n241 
0.02U5 
o . n z u u  































- n . n ~ n l  
-0.00~5 
- 0 . 0 8 5 5  





- 0 . o o e e  
-0 .noe3 














- 0 . 0 1 7 ~  




























































































0 . 0 0  
-0.02 




2 .00  
u.01 




0 . 0 0  
0.01 
0 . 0 0  
0 .00  
u.00 
0 . 0 0  









































































































































































-0 .0293  
- 0 . 0 9 4 ~  
-0.oas3 
-o.o22n 




























- 0 . 1 0 1 ~  







TABLE 111.- Continued 
( c )  'r,vt = 24.38 cm; symmetrical ver t ica l - ta i l  a i r f o i l ;  
t J, = 2'; @t = Oo; basic i n t e r f a i r i n g  






























































































4 . n l  
5.98 







































































































































































































































































































































































































































































- O . O O &  















































































1 . a00  
1 . z o o  
1.199 
1.199 


































(d l  c ~ , ~ ~  = 24.38 cm; s y m m e t r i c a l   v e r t i c a l - t a i l   a i r f o i l :  
6, = 4 O ;  @t = Oo;  bas i c  i n t e r f a i r i n g  




































































































6 . 0 2 0  
















































































0 . 0 0 6 0  








































































































0 .602  
0.601 
0 .602  
0 . 6 0 2  
0 . 6 0 0  
0.599 





0 . 6 0 2  
0 . 6 0 0  
0.600 
0.599 















































7 - 0 9  
8 . 0 0  

















































0 . 6 0 0   8 . 0 0  






















































































































































- o ; o o o o  0.0004 -0.0001 
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TABLE I11 .- Continued 
( e )  C r , v t  = 24.38 cm; s y m m e t r i c a l  v e r t i c a l - t a i l  a i r f o i l ;  + = 0’; 4, = -1 Oo; b a s i c   i n t e r f a i r i n g  t 



































































0 . 0 0 0 0  
-0.0001 
-0.0007 







































































-0.01  7.9830 0073 
-0.00 6,009 0.0086 
-0.0119 
3.99  3.4 30 0210
3.99  4.1 80 02140 0 01  - . 33U 
-0.0530 
4.01 6,000 0.0211 0.0097 -0.0332 
8.00 8.007 0.0199 0.0090 -0.031C 
7.99 1.104 0.0527 0.0175 -0.ORl7 
4.00 2.008 0.0209  -0.0326 



































































































































































































TABLE 111.- Continued 
M 
1.198 









































0 . 0 9 ~  
a, d e g  
-2.01 
-0.01 
-0 .00  
4.00 
1.99 




- 0 . 0 0  
- 0 . 0 0  
- 0 . 0 0  
0 .00  
0 . 0 0  
0.01 









8 . 0 0  
10.01 
-0. 02 
















( f  1 












































C r,Vt = 24.38 c m ;  symmetrical v e r t i c a l - t a i l  a i r f o i l ;  
+t = Oo; @& = 10’; basic 



















































































































































0 . 8 0 0  
0.801 
0.799 
0 . 8 0 0  





























a, d e g  
8 .00  
6.01 
8 . 0 0  




0 .00  
0 .00  
-0.01 














- 0 . 0 0  
0.04 
0.01 
0 . 0 0  




























































































































































































-0,102  1 
-0.1032 
-0.1a33 
- 0 . 0 1 4 ~  
- 0 . 0 1 9 ~  
-0.019e 
- 0 ,  osac 
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TABLE I11 .- Continued 
( g )  Cr,vt = 24.38 cm;  symmetrical ver t ical- ta i l  a i r f o i l ;  
J ,  = Oo; @t = 20°; basic i n t e r f a i r i n g  t 
~~ ~ 
























































































































































































































































































































































a,  d e g  
4.02 
































































































































































































































































































(h) c ~ , ~ ~  = 24.38 cm; v e r t i c a l - t a i l  a i r f o i l  cambered outboard: 
= Oo; Q = Oo; bas ic   in te r fa i r ing  t 
" 









































0 .00  
-0.02 
























































































































































































































































































































































































































































































































TABLE I I I .- Continued 
( i )  ' r , v t  = 24.38 c m ;  v e r t i c a l - t a i l  a i r f o i l  cambered  inboard; 4 = Oo; 0, = Oo; b a s i c   i n t e r f a i r i n g  t 
M a,deg NPR 

































































































































































- 0 . 0 0 0 u  
-0.0128 








































































































































































































































TABLE I11 .- Continued 
M 
1.199 


































(j) c ~ , ~ ~  = 24.38 c m ;  v e r t i c a l - t a i l  a i r f o i l  cambered  outboard; 
Gt = Oo; 9, = - loo;  b a s i c   i n t e r f a i r i n g  


































0 . 0 2  














































































































































































































































1.110  0.0085 



































































TABLE 111.- Continued 
(k) cr lVt  = 24.38 cm; v e r t i c a l - t a i l  a i r f o i l  cambered  inboard; 
3, = O o ;  9, = 20°; basic i n t e r f a i r i n g  t 
M a ,  d e g   N P R  











































































































































































o . a o u e  
0.0068 
-0.031,9 










































































































-0 06 1.4 
-0.020s 
- 0 . 0 1 9 ~  
- 
32 























0 ,902  
0 . 9 0 0  
0.903 






(1) Cr,Vt = 28.19 c m ;  symmetrical v e r t i c a l - t a i l  a i r f o i l ;  
4t = Oo; 4t = Oo; basic i n t e r f a i r i n g  
" - 






























N P R  
0.984 












































































































-0 .0148  
-0.0&33 
-0.0230 










































































































































































































TABLE 111.- Concluded 
( m )  c ~ , ~ ~  = 24.38 cm; s y m m e t r i c a l   v e r t i c a l - t a i l   a i r f o i l ;  
+t = Oo; 9, = Oo; a l t e r n a t e   i n t e r f a i r i n g  






















































































































































































































a, d e g  


































1 .99  
0,601  -0 .01 








































































0 * 0535 



























































































































TABLE 1V.- BASIC  FORCE  AND  MOMENT DATA FOR  CONFIGURATION  WITH 
HORIZONTAL  TAILS  AFT AND VERTICAL  TAILS  MID 
a ,   deg  
0.01 
-2 .00 





0 . 0 0  
0.01 



















0 . 0 0  
2.01 


















( a )  















































1 . O B 8  
1.970 
= 24.38 cm; s y m m e t r i c a l  v e r t i c a l - t a i l  a i r f o i l :  
c L  
-0.0055 
-0.0319 
- 0 . 0 0 5 2  
0.0217 
0,0482 
0 .0668  
- 0 . 0 0 6 8  
0 . 0 8 3 0  
-0.0065 
- 0 . 0 0 6 5  
-0.0069 







- 0 . 0 0 0 3  
0.0100 




























c D  
0 . 0 2 2 0  
0 0 2 3 3  
0.0223 
0.0232 












0 .0225  
- 0 . 0 0 0 0  
0.0223 
0.0104 








o .n l1o  
0.0102 
0.0123 

















@t = oo 
c m  
0.0392 
0;0035 






















- o . o l b c  
-0.02se 
- n . n l e s  




- 0 . o e 4 3  
- 0 . 0 2 ~ :  
-0. I 1 2 4  
-0.0207 
-0 .n22 1 
-0.0217 











b a s i c  i n t e r f a i r i n g  









































































































































































- 1  
n.0173 






























9 3  
74 
72 
5 1  
























































- n . n ~ o t  
- 0 . 0 8 0 ~  
-0.0253 




- 0 . 0 2 2 3  
-0.027b 
-0.0251 












- O . O P O ~  
-0.1u27 
-0.1274 
- 0 . 0 2 ~ 2  
-0.019C 
-0.01er 
-0 .01e t  
-0.n177 







-0 . lU I   1  
- o . l n l l  
-0 .101i  
- (1 .1005 
-0.1009 
- 0 . 1 0 0 7  
-0.0195 
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TABLE IV.- Continued 
( b )  C r , v t  = 24.38 c m ;  s y m m e t r i c a l  v e r t i c a l - t a i l  a i r f o i l ;  
+t = -2O; 4 = O o ;  b a s i c   i n t e r f a i r i n g  t 
M N P R  c L  c D  c m  
1.201 
1 . 200  


























































































































































































6.008  0.0130- 
0.0737 
0.0247 


















0 .0258  
0.025(1 









































0 . 0 0 b 5  
- 0 . 0 6 7 2  
0 . 0 0 6 5  


















































































































































































































































































































































TABLE I V  .- Continued 














































































-0 .06  
-0.08 
-2.ou 




















7 ,  76 


















































L, " L  Gt = 2 O  ; $t = Oo ; basic i n t e r f a i r i n g  
. -.. 
c L  



















































c D  






























































































































































































-0 .03  





















































































































































- 0 . 0 1 3 ~  
-0. oas I 
- o . o w  
-0.0701 
-0.0903 





















TABLE I V  .- Continued 
CL-,Vt 
= 24.38 cm; s y m m e t r i c a l  v e r t i c a l - t a i l  a i r f o i l ;  
t t 3, = 4 O ;  I$ = Oo; b a s i c   i n t e r f a i r i n g  







































































































































































































































0 . 0 0 8 8  
0.0092 
0.0105 
0 .0140  
0.0198 








































































































































































































































































0.01  11 
0.0118 

























































-0 .0046  
-0.0042 
































- 0 . 0 7 a l  































0 . 9 0 0  






























































TABLE 1V.- Continued 
c ~ , ~ ~  = 24.38 cm; s y m m e t r i c a l  v e r t i c a l - t a i l  a i r f o i l ;  
. +t 






























= 00; = l oo ;  bas i c  





























0 . 0 3 ~  
L 



































































i n t e r f a i r i n g  
























































































































































































TABLE 1V.- Continued 
(f) c ~ , ~ ~  = 24.38 c m ;  s y m m e t r i c a l   v e r t i c a l - t a i l  
(1, t = Oo; +t = ZOO; b a s i c  i n t e r f a i r i n g  
























































































































































































































0 .0013  
-0 .0030  
- 0 . 0 0 2 1  
-0.001.7 
-0.0026 




-0 .0250  
-0 .0333  
-0.0220 




































































































a i r f   o i  1 ;































































































































































































0 ,899  
0,898 











( g )  c ~ , ~ ~  = 24.38 c m ;  v e r t i c a l - t a i l  a i r f o i l  cambered outboard; 
Jlt = Oo ; 4, = Oo; basic i n t e r f a i r i n g  


































































































































0 . 0 0 8 3  
0 .0019  
0.0095 
















































" _ ~  

































































7 .w 7.98 
7.08 
-0.02 








































































































































TABLE IV.- Continued 
(h) C r , v t  = 24.38 cm; v e r t i c a l - t a i l  a i r f o i l  cambered  inboard; Gt = O o ;  Q = Oo; b a s i c   i n t e r f a i r i n g  t 
L 








































































































































































































































































































































































































































































(i) C r , v t  = 24.38 c m ;  v e r t i c a l - t a i l  a i r f o i l  cambered inboard; 
CGt = Oo; $t = I O o ;  b a s i c   i n t e r f a i r i n g  


















































































































































































a ,  d e g  
4.01 
7.99 





















































c L  

















































































-0.1  I.34 
-0.0254 
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TABLE 1V.- Continued 
(j 1 cr,vt = 24.38 c m ;  v e r t i c a l - t a i l  a i r f o i l  
cambered  outboard; Gt = Oo; = 20'; 
b a s i c  i n t e r f a i r i n g  
































































































































TABLE IV.- Continued 
(k) Cr ,v t  = 24.38 cm;  v e r t i c a l - t a i l  a i r f o i l  cambered inboard; 
Qt = O o ;  4t = 20°;  bas i c  in t e r f a i r ing  


















































































































0 .0090  
0 . 0 0 9 2  






























M N P R  c L  c D  C m 




0 . 9 0 0  
0.898 
0 .900  






































































































































































































TABLE I V  .- Concluded 
L 
(l) C r , v t  = 24.38 cm; s y m m e t r i c a l  v e r t i c a l - t a i l  a i r f o i l ;  +t = Oo; @t = Oo; a l t e r n a t e   i n t e r f a i r i n g  




















































































































-0 .n lo5  
-n.o102 
0.0431 


























































































N P R  
. .  







































































-n .n leu  
-U.O6UU 





- 0 . O O P 5  
-n.uoec 
- 0 . 0 1 5 ~  
-n . [~ luc l  
-0.01b2 
-0. l lnoc 
-0.0327 
-0.0523 
-11 .n l t7  
-0.0735 
-0 .09 t3  





































































) . 900  
TABLE V.- BASIC  FORCE  AND  MOMENT  DATA  FOR  CONFIGURATION WITH 
HORIZONTAL,  TAILS  AFT AND VERTICAL  TAILS  AFT 
(a) 







8 . 0 0  
-0 .01 






















- 2 . 0 0  
- 0 . 0 1  




- 0 . 0 0  
1 0 . 0 0  
- 0 . 0 0  
0.00 


































































crlVt = 24.38 cm;  symmetrical  vertical-tail  airfoil; 
@& = 00; basic  interfairing 
L 










































































0 . 0 m 3  
0 0258 
0.0250 































I$ = 00; t 
C m  
0.021  1 
-0.0134 











































































































a , d e g   N P R   C L  C D  Cm 
1.99 
8 . 0 0  
-0 .01 












0 . 0 0  
































































































































































































































































- 0 . 0 0 7 ~  
-0.02as 
- o . o z o c  
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TABLE V.- Continued 
( b )  C r , v t  = 28.19 cm; s y m m e t r i c a l  v e r t i c a l - t a i l  a i r f o i l ;  
t J, = 0 ' ;  @t = Oo; b a s i c   i n t e r f a i r i n g  






























































































































































































































































































































































































































































































































































































































































































- 0 . 0 0  
( C )  



































C, "+ = 24.38 c m ;  s y m m e t r i c a l  v e r t i c a l - t a i l  a i r f o i l ;  
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8 , 0 0 0  
3.405 
1.030 
I . o m  
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BL 50.80 - / I 
7 
. o  
BL 5.51 Nozzle centerline 
faired inlets 
High-pressure air lines 
I 
(a) w i n - t a i l  i n t e r f e r e n c e  model and wing-tip support system. 
Figure 1.- Model sketches.  A l l  dimensions are in   cen t ime te r s   un le s s  
otherwise noted. 
Metrlc break 





Dry pner nozzle FS 174.74 
I 
( b  ) Af terbody . 




Nozzle  External Geometry 
FS 165.63 






NOTE: All orifices  are shown on  the left. 
hand nozzle for simplicity. 
(c) Dry power nozzle. 
Figure 1 .- Continued. 
TOP V I E W  










( d  1 Empennage loca t ions .  




Center of vertical-tail  rotation 




( e )  Vertical-tail  toe angle and cant angle definit ion and sign convention. 
Figure 1 .- Continued. 
Symmetrical  and Cambered 
Vertical-Tail Geometry 
Symmetrical  airfoil  sections 
t i p  ...................................... NACA 64603.5 
root  NACA 64605 ....................................... 
Cambered airfoil  sections 
t ip  ...................................... NACA 64-203.5 
Taper ratio .......................................... .375 
Tail height (rod to tip). cm .......................... 25.40 
Leadingedge sweepback, deg .......................... 3.52  
rool ....................................... NACA 64-205 
Tip  chord. cm ....................................... 9.14 
Root  chord, cm ..................................... 24.38 
Planform area (one side exposed, f i l l e r  excluded), m2.. . W 6  
Aspect ratio (exposed. f i l l e r  excluded) ................. 1.514 
t 
Distances from model centerline 
vary  s l ight ly   wi lh   ta i l   lmt ion 
I 
1 
(f) Symmetrical  and cambered short-root-chord twin-vertical-tail  geometry. 
Figure 1 .- Continued. 
Vertical-Tail  Geometv 
Air fo i l   sect ions 
t i p . .  ...................................... NACA 64-CO3.5 
root ......................................... NACA 64-005 
Tip  chord, cm ........................................ 5.33 
Root chord,  cm ....................................... 28.19 
Taper  atio ............................................ ,189 
Ta i l  he igh t  l rmt  to t ipi ,  cm ........................... 25.40 
Aspect rat io (exposed, fil ler  xclud d) 1.514 
Planform  area  (one side exposed. f i l le r  excluded), m2 ,0426 





Distances from model centerline 
vary  sl ightly  with  tai l   location I Model 
(9)  Symmetrical  long-root-chord  twin-vertical-tail  geometry. 
Figure 1 .- Continued. 
Horizontal-Tail Geometry 
Ai r fo i l  sect ions 
t i p  ....................................... NACA 64-002.5 
root ...................................... NACA 64-005.5 
Tip chord, cm ........................................ 5.08 
R w t  c h o r d ,  c m  ...................................... 28.96 
Taper  at io .......................................... ,175 
Span, cm 
Forward   on   body .  .................................. 69.09 
Forward  on  booms 73.21 
A f t   o n  body  67.51 
M i d   o n  body ....................................... 68.58 
Af t   on   booms .................................. . 2 . .  . 73.09 
P lan fo rm a reabne  s ide  exposed, f i l ler  excludedl ,  m ... .0372 
Aspect ratio (exposed, fi l ler excluded) ................. 2.564 
........................................ 
.................................. 
Leading-edge  sweepback,  deg ........................ 50.0 
Distance from'model center l ine 
var ies  s l ight ly   wi th   ta i l   locat ion 
I 
I_ 28.96  each  ta i l   locat ion 
84 
f 
- - t - 
( h )  Horizontal-tail  geometry. 
Figure 1 .- Continued. 
FS FS FS FS FS FS FS FS FS 
120.04 124.99 135.15 140.23 145.31 150.39 155.47 160.55 165.63 
Alternate interfairing 
( i )  Basic and  a l te rna te  engine  in te r fa i r ing  contours .  













0 2 4 6 8 10 12  14 
Y, cm 
z, cm 











( j )  Afterbody  cross   sect ions.   (Note  that  a l l  c ros s   s ec t ions   ou tboa rd  
of t h e  n o z z l e  c e n t e r l i n e  are i d e n t i c a l . )  
F igu re  1 .- Concluded. 
59 
L-81-6971 
( a )  Model and wing-tip support system. 
Figure 2.- Photographs of twin-engine t a i l  i n t e r f e r e n c e  model i n s t a l l e d  
in the Langley 16-Foot Transonic Tunnel. 
(b)  Afterbody. 
Figure 2. - Concluded. 
Vert ical- ta i l  
location 




( a )  Symmetrical  and  cambered  twin v e r t i c a l  tai ls;  shor t  roo t  chord ;  bas ic  in te r fa i r ing ,  
Figure 3. -  Normal area d i s t r i b u t i o n  f o r  v a r i o u s  model  components. Amax = 475.09 cm ; 










( b )  Symmetrical twin  v e r t i c a l  t a i l s ;  long root  chord ;  bas ic  in te r fa i r ing .  







(c) Horizontal  t a i l s ;  b a s i c  i n t e r f a i r i n g .  




I nterfai ri ng 
Basic 







0 . 1  . 2  . 3  . 4  . 5  .6 . 7  . 8  . 9  1.0 1.1 
XI2 
(d )  Engine i n t e r f a i r i n g .  






. 4  . 6  . 8  1.0 
M 
. 2  1 4 
Figure 4.- Typical va r i a t ion  o f  nozz le  p re s su re  r a t io  wi th  Mach number 













.6  .8 1.0 1.2 
M 
a =  
cL 
a 1 8 0  
0 0  
0 -2 
0 2  











. 6  . a  1.0 1.2 
M 
( a )  T o t a l  a f t - e n d  l i f t  and d r a g  c o e f f i c i e n t s .  
Figure 5.- E f f e c t  of tw in -ve r t i ca l - t a i l  t oe  ang le  on a f t - e n d  c h a r a c t e r i s t i c s  for 
scheduled NPR. H o r i z o n t a l   t a i l s  fwd; s h o r t - r o o t - c h o r d   v e r t i c a l   t a i l s  fwd; 


























. 6  .8 1.0 1.2 
M 
(b) Aft-end drag-coeff ic ient  components  and t a i l  i n t e r f e r e n c e -  
drag-coef f ic ien t   increments ;  a = Oo. 




























.6  . 8  1.0 1.2 
M 
( a )  Total a f t - e n d  l i f t  a n d  d r a g  c o e f f i c i e n t s .  
Figure 6.- E f f e c t  o f  t w i n - v e r t i c a l - t a i l  t o e  a n g l e  o n  a f t - e n d  c h a r a c t e r i s t i c s  f o r  
scheduled NPR. Horizontal  tails a f t ;   s h o r t - r o o t - c h o r d   v e r t i c a l  tails fwd; 
symmetrical v e r t i c a l - t a i l  a i r f o i l ;  @t = Oo; b a s i c   i n t e r f a i r i n g .  
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cD," "D, it 
0 0 
-. 004 -. 004 
,012 .008 
.008 ,004 
'D, tails "D, in 
.004 0 













. 6  . 8  1.0 1.2 . 6  . 8  1.0 1.2 
M M 
(b) Aft-end  drag-coefficient  components  and t a i l  i n t e r f e rence -  
drag-coef f ic ien t   increments ;  a = Oo . 
Figure  6.- Concluded. 
70 








a 1 8 0  
*y deg 
0 0  
0 -2 
0 2  













(a)  Total  af  t -end l i f t  and  d rag  coe f f i c i en t s  . 
Figure 7.- E f f e c t  of tw in -ve r t i ca l - t a i l  t oe  ang le  on a f t - e n d  c h a r a c t e r i s t i c s  f o r  
scheduled NPR. H o r i z o n t a l   t a i l s   a f t ;   s h o r t - r o o t - c h o r d   v e r t i c a l   t a i l s  mid; 









'D,tails "D, in 
,004 0 
0 -. 004 







. 6  . 8  1.0 1.2 . 6  . 8  1.0 1.2 
M M 
(b) Aft-end d rag -coe f f i c i en t  components  and t a i l  i n t e r f e r e n c e -  
drag-coef f ic ien t   increments ;  a = O o .  













.6 8 1.0 1.2 
M 
a = O "  
a 
cL 















.6 .8 1.0 1.2 
M 
( a )  T o t a l  a f t - e n d  l i f t  and  d rag  coe f f i c i en t s .  
Figure 8.- E f f e c t  of t w i n - v e r t i c a l - t a i l  c a n t  a n g l e  on a f t - e n d  c h a r a c t e r i s t i c s  f o r  
scheduled NPR. H o r i z o n t a l   t a i l s   a f t ;   s h o r t - r o o t - c h o r d   v e r t i c a l   t a i l s  fwd; 























. 6  . 8  1.0  1.2 . 6  . 8  1.0 1.2 
M M 
( b )  Aft-end d rag -coe f f i c i en t  components  and t a i l  i n t e r f e r e n c e -  
d rag -coe f f  i c i en t  i nc remen t s ;  a = Oo . 
























. 6  . 8  1.0 1.2 
M 
( a )  T o t a l  a f t - e n d  l i f t  and  d rag  coe f f i c i en t s .  
Figure 9.- E f f e c t  of t w i n - v e r t i c a l - t a i l  c a n t  a n g l e  o n  a f t - e n d  c h a r a c t e r i s t i c s  f o r  
scheduled NPR. Hor izonta l  tai ls  a f t ;   s h o r t - r o o t - c h o r d   v e r t i c a l  ta i ls  mid; 
s y m m e t r i c a l   v e r t i c a l - t a i l  a i r fo i l ;  Gt = Oo; b a s i c   i n t e r f a i r i n g .  
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.008  .008 
.004 .004 
‘D,” “D, i t 
0 0 
-. 004 -. 004 
.012 .008 
.008 .004 
‘D, tails “D, in 
.004 0 
0 -. 004 
‘D. a 
.016 










.6 . 8  1.0 1.2 . 6  . 8  1.0 1.2 
M M 
(b) Aft-end d r a g - c o e f f i c i e n t  components  and t a i l  i n t e r f e r e n c e -  
drag-coef f ic ien t   increments ;  a = O o .  


















0 camber  outboard 











.6 . a  1.0 1.2 
M 
( a )  Total a f t - e n d  l i f t  and  drag  coef f ic ien ts .  
Figure 10.- E f f e c t  of t w i n - v e r t i c a l - t a i l  camber on a f t - e n d  c h a r a c t e r i s t i c s  f o r  
scheduled NPR. Hor izonta l  tails a f t ;  s h o r t - r o o t - c h o r d  v e r t i c a l  t a i l s  fwd; 




””” camber  outboard 
camber  inboard ”- 
.008 .008 
.004 .004 
‘D, n “D, it 
0 0 
-. 004 -. 004 
.012 .008 
.008 .004 
‘D, ta i ls  “D, in 
.004 0 
0 -. 004 
.016 













6 . 8  1.0 1.2 
M 
(b) Aft-end d rag -coe f f i c i en t  components  and t a i l  i n t e r f e r e n c e -  
drag-coef f ic ien t   increments ;  a = Oo. 





























. 6  . 8  1.0 1.2 
M 
( a )  T o t a l  a f t - e n d  l i f t  and  d rag  coe f f i c i en t s .  
Figure 11.- E f f e c t  of t w i n - v e r t i c a l - t a i l  camber on a f t - e n d  c h a r a c t e r i s t i c s  € o r  
scheduled NPR. Hor izonta l  tai ls  a f t ;   s h o r t - r o o t - c h o r d   v e r t i c a l   t a i l s  fwd; 
(I, = Oo; $t = - I O o ;  b a s i c   i n t e r f a i r i n g .  t 
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0- symmetr ical  








‘D,tails “D, in 
.004 0 
0 -. 004 
‘D, a 
.016 










. 6  . 8  1.0 1.2 . 6  . 8  1.0 1.2 
M M 
(h) Aft-end d r a g - c o e f f i c i e i n t  components  and t a i l  i n t e r f e r e n c e -  
drag-coef f ic ien t   increments ;  a = Oo . 














.6 .8 1.0 1.2 
M 
a=OO 
a - 8 0  
0 symmetrical 











.6 .8 1.0 1.2 
M 
( a )  T o t a l  a f t - e n d  lift and  d rag  coe f f i c i en t s .  
Figure 12.- E f f e c t  of t w i n - v e r t i c a l - t a i l  camber  on a f t - e n d  c h a r a c t e r i s t i c s  f o r  
scheduled NPR. H o r i z o n t a l   t a i l s   a f t ;   s h o r t - r o o t - c h o r d   v e r t i c a l   t a i l s  fwd; 
+t = O o ;  @t = 20°;  b a s i c   i n t e r f a i r i n g .  
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symmetrical 
0 camber  inboard 
.008 .008 
.004 .004 
cD,” *‘D, it 
0 0 
-. 004 -. 004 
f012 .008 
.008 .004 
‘D, ta i l s  “D, in 
.004 0 












- -. 004 
. 6  . 8  1.0  1.2 .6 . 8  1.0  1.2 
M M 
(b) Aft-end drag-coefficient  components and tail interference- 
drag-coefficient  increments; a = O o .  













. 6  . 8  1.0 1.2 
M 




a camber  outboard 











. 6  . 8  1.0 1.2 
M 
( a )  Total a f t - e n d  l i f t  and  d rag  coe f f i c i en t s .  
Figure 13.- E f f e c t  of t w i n - v e r t i c a l - t a i l  camber  on a f t - e n d  c h a r a c t e r i s t i c s  f o r  
scheduled NPR. Horizonta l  tails a f t ;   s h o r t - r o o t - c h o r d   v e r t i c a l  tails mid; 
(L, = Oo; = O o ;  b a s i c   i n t e r f a i r i n g .  
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0 symmetr ical  
”- camber  inboard 


































.6  . 8  1.0  1.2 . 6  . 8  1.0  1.2 
M M 
( b )  Aft-end d rag -coe f f i c i en t  components  and t a i l  in t e r f e rence -  
drag-coef f ic ien t   increments ;  a = Oo . 






























. 6  . 8  1.0  1.2 
M 
( a )  Tbtal a f t - e n d  l i f t  and d r a g  c o e f f i c i e n t s .  
Figure 14.- E f f e c t  of t w i n - v e r t i c a l - t a i l  camber  on a f t - e n d  c h a r a c t e r i s t i c s  f o r  
scheduled NPR. H o r i z o n t a l  t a i l s  a f t ;  s h o r t - r o o t - c h o r d  v e r t i c a l  t a i l s  mid; 
Gt = O o ;  = I O o ;  b a s i c  i n t e r f a i r i n g .  
85 
0 symmetr ical  
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0 0 
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.004 0 














6 . 8  1.0  1.2 . 6  . 8  1.0 1.2 
M . M  
(b) Aft-end d rag -coe f f i c i en t  components  and t a i l  i n t e r f e rence -  
d rag -coe f f  i c i en t  i nc remen t s ;  a = Oo . 
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0 camber  outboard 











. 6  . 8  1.0  1.2 
M 
( a )  T o t a l  a f t - e n d  l i f t  and  d rag  coe f f i c i en t s .  
Figure 15.- E f f e c t  of t w i n - v e r t i c a l - t a i l  camber  on a f t - e n d  c h a r a c t e r i s t i c s  f o r  
scheduled NPR. H o r i z o n t a l   t a i l s   a f t ;   s h o r t - r o o t - c h o r d   v e r t i c a l  tai ls  mid; 
J, = Oo; $t = 20°; b a s i c   i n t e r f a i r i n g .  t 
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symmetr ical  
0 camber  outboard 
0”- camber  inboard 






















. 6  . 8  1.0 1.2 
M 
6 . 8  1.0 1.2 
M 
(b) Aft-end  drag-coefficient  components  and t a i l  i n t e r f e rence -  
drag-coef f ic ien t   increments ;  a = Oo . 



























. 6  . 8  1.0 1.2 .6  . 8  1.0 1.2 
M M 
( a )  T o t a l  a f t - e n d  l i f t  and d r a g  c o e f f i c i e n t s .  
Figure 16.- E f f e c t  of tw in -ve r t i ca l - t a i l  roo t - chord  l eng th  on a f t - e n d  c h a r a c t e r i s t i c s  
for  scheduled NPR. Hor izonta l  ta i ls  fwd; v e r t i c a l  t a i l s  fwd; symmetrical 

















.6  . 8  1.0 1.2 .6 . 8  1.0 1.2 
M M 
(b) Aft-end d rag -coe f f i c i en t  components  and t a i l  i n t e r f e rence -  
drag-coef f ic ien t   increments ;  a = Oo. 
























6 . 8  1.0 1.2 .6 . 8  1.0  1.2 
M M 
( a )  Total af t-end l i f t  and d r a g  c o e f f i c i e n t s .  
Figure 17.- E f f e c t  of tw in -ve r t i ca l - t a i l  roo t - chord  l eng th  on a f t - e n d  c h a r a c t e r i s t i c s  
for   scheduled NPR. Horizonta l  tails a f t ;  v e r t i c a l  tai ls  fwd;  symmetrical 







‘D,tails “D, in 
,004 0 













. 6  . 8  1.0  1.2 . 6  . 8  1.0 1.2 
M M 
( b )  Aft-end d rag -coe f f i c i en t  components  and t a i l  i n t e r f e rence -  
drag-coef f ic ien t   increments ;  a = O o .  





























.6 .8 1.0 1.2 .6 . 8  1.0 1.2 
M M 
( a )  Total a f t - e n d  l i f t  and d r a g  c o e f f i c i e n t s .  
Figure 18.- E f f e c t  of tw in -ve r t i ca l - t a i l  roo t - chord  l eng th  on a f t - e n d  c h a r a c t e r i s t i c s  
for  scheduled NPR. H o r i z o n t a l   t a i l s   a f t ;   v e r t i c a l   t a i l s   a f t ;   s y m m e t r i c a l  
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. 6  . 8  1.0 1.2 .6 . a  1 .0  1.2 
M M 
(b) Aft-end  drag-coefficient  components  and t a i l  in t e r f e rence -  
drag-coef f ic ien t   increments ;  a = Oo. 


























.6 . 8  1.0 1.2 
M 
( a )  T o t a l  a f t - e n d  l i f t  and d r a g  c o e f f i c i e n t s .  
Figure 19.- E f f e c t  of e n g i n e  i n t e r f a i r i n g  on a f t - e n d  c h a r a c t e r i s t i c s  f o r  s c h e d u l e d  
NPR. H o r i z o n t a l   t a i l s   a f t ;   s h o r t - r o o t - c h o r d   v e r t i c a l   t a i l s  fwd;  symmetrical 
v e r t i c a l - t a i l   a i r f o i l ;  $t = Oo; I$ = Oo. t 
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. 6  . 8  1.0 1.2 
M 
(b) Aft-end  drag-coeff ic ient  
components; a = Oo . 
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. 6  . a  1.0 1.2 .6 . a  1.0 1.2 
M M 
( a )  ' I b t a l  a f t - e n d  l i f t  and d r a g  c o e f f i c i e n t s .  
Figure 20.- E f f e c t  of e n g i n e  i n t e r f a i r i n g  on a f t - e n d  c h a r a c t e r i s t i c s  f o r  s c h e d u l e d  
NPR. H o r i z o n t a l   t a i l s   a f t ;   s h o r t - r o o t - c h o r d   v e r t i c a l  ta i ls  mid; Symmetrical 
v e r t i c a l - t a i l   a i r f o i l ;  J, = Oo; 4 = Oo. t t 
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I nterfairing 







.6 . 8  1.0 1.2 
M 
(b) Aft-end  drag-coeff ic ient  
components; a = Oo . 











. O l  
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a = @ '  
cL 
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.6  . 8  1.0 1.2 .6 . a  1.0 1 .2  
M M 
( a )  Total a f t - e n d  l i f t  and  d rag  coe f f i c i en t s .  
Figure 21.- E f f e c t  of e n g i n e  i n t e r f a i r i n g  on a f t - e n d  c h a r a c t e r i s t i c s  f o r  s c h e d u l e d  
NPR. Hor izonta l  tai ls  a f t ;   s h o r t - r o o t - c h o r d   v e r t i c a l   t a i l s   a f t ;   s y m m e t r i c a l  












6 . a  1.0 1.2 
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(h) Aft-end d rag -coe f f i c i en t  
components; a = Oo . 
Figure 21 .- Concluded. 
100 
028 = . . .. 
E -Horizontal-tail  location - Fwd= 














. Open symbols a = 0 
Solid  symbols a 8' 
.z Horizontal-tail  location - Aft E ~- - z ~~ Horizontal-tai l   location - Aft - 
z Vertical-tail  location - M i d  - - 
Figure 22.- Summary of t he  e f f ec t s  of twin-vert ical- ta i l  toe  angle  on to t a l  a f t - end  
drag  character is t ics   for   scheduled NPR. Shor t - root -chord   ver t ica l   t a i l s ;  







Vertical-tail location - Fwd 









a = On 0 
a = 8" 
Vertical-tail  location - M i d  
- 10 0 10 20 - 10 0 10 20 
Figure  23.- Summary of t h e  e f f e c t s  of t w i n - v e r t i c a l - t a i l  c a n t  a n g l e  on t o t a l  a f t - e n d  
d rag   cha rac t e r i s t i c s   fo r   s chedu led  NPR. S h o r t - r o o t - c h o r d   v e r t i c a l   t a i l s ;  







Open symbols a - Do 
Solid symbols a - 8' 








Horizontal-tail location - Aft, Vertical-tail location - M i d  
Cam. Sym. Cam. Cam. Sym. Cam. Cam. Sym. Cam. 
In. 0 ut. In. out. I n. out. 
Figure 24.- Summary of t h e  e f f e c t s  of twin-ver t ica l - ta i l  camber on total  af t -end drag 
charac te r i s t ics   for   scheduled  NPR. Short-root-chord  vertical  tai ls;  = Oo; 
b a s i c  i n t e r f a i r i n g .  
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